
VOLUME 270. NUMBER 2. AUGUST 1994

JPETAB 270 (2) 433-839 (1994)

ISSN 0022-3565

PHAR[

The Journal of

ACOLOCY
AND EXPERIMENTAL THERAPEUTICS

o � 1SN

A Publication of The American Society

for Pharmacology and Experimental Therapeutics

Fo u n ded by Joh ii J. A bel -1909

MA AlE SMITH SCHWAHTZ MEDICQ L1BR�,p�y

ROoiqp� HOSp1TQ MEoi�� CEP(TpR

Edited for the Society by John A. Harvey

Published by Williams & Wilkins



S I�tII rtti.#{149}
S C \tttt.nt.in Ixpre’.

I Iii. 51111’ /1))

Williams & Wilkins
A WAVERLY COMPANY

Rt’t )itI\\ l\ Iii list.

-� (i Ittilt nit Rn ii.k\ �IV

a tnt_It ti ‘s\\ Ii I A..\ I:ttglatid

PT 55074 Printed in USA J4074S ZPTT

The journal of Pharmacology and Experimental Therapeutics
‘(ii ilttliI\

liidii. iilii,il H ln.lititli iii’. ii Hi

//�iflt H/u � iiLU/ f/)(� / H i/i uI?I(I(/d. (i/.() (1(1(1 (,S I
ii \(#{149}\H H�(i.fipftufl ._ (�eiii.fi.il �. �\F. .. HF’ ii

tilt_nt i[it Ii )tiH

j( .het_ k etui. It
U \I’�A

‘tgnJnhru ( )

\ID and P\ �iih�crther� t�u’.t add state salt_a. t.t\. Suh�ertpttttn� ttut’.kk the t ‘S and
Canada must be prepaid. lit I .S hiatt itt/i . Iii Japan. Lttntaet It�aku-Shtttti \1 �
Ltd. (((3) �)�4( N I. Rates i.altd tar ttrder. ned hetttre ()ctttber 3 1 1

Please alltti.i. � e eeks tar deli. ri. t( tar I inst Issue. SurtaLe mail delti. en. It

tuntries itutstde the S thai. take up tt fl i.. eeLs. .\irmitl rate’ ai. ailable upttn
request.

I )isettunts ai. a I (able 1 nienihers tn ill \SItI I ptthlte.tt taIls S \\ L I I’ i.. (hell
utrderini.i ii.. it. S\\ �- n. hen trdentni.� (tree S \\ I 21 i.i. hen utrdertn� ill Ii ur.

I ( ) Ri i� �

I �i ti lii ti.. \1.it\ Lint_I .21 .2) (3 L)�



INFORMATION FOR SUBSCRIBERS

Renewals should be done promptly to avoid a break in journal

THE JOURNAL OF PHARMACOLOGY AND EXPER-
IMENTAL THERAPEUTICS (ISSN 0022-3565) is an offi-
cial publication of The American Society for Pharmacology
and Experimental Therapeutics and is published by Williams
& Wilkins, 428 E. Preston St., Baltimore, MD 21202-3993.
Second class postage paid at Baltimore, MD and at additional
mailing offices. POSTMASTER: Send address changes to THE
JOURNAL OF PHARMACOLOGY AND EXPERIMENTAL
THEAPEUTICS, 428 E. Preston St., Baltimore, MD 21202-
3993.

Frequency: Monthly: Four volumes a year beginning in Jan-

uary, April, July, and October.

Correspondence concerning business matters should be
addressed to: Customer Service, Subscriptions, Williams &
Wilkins, 428 E. Preston Street, Baltimore, MD 21202-3993.
Telephone 1-(S00) 638-6423 from anywhere in the U.S. and
Canada. From other countries, call (410) 528-8555. Fax: (410)
528-8596.

Correspondence regarding editorial matters should be
addressed to the Editor: John A. Harvey, Ph.D., Chief,
Division of Behavioral Neurobiology, Department of Pharma-
cology, The Medical College of PA at EPPI, 3200 Henry Aye-
nue-Suite 129, Philadelphia, PA 19129. Telephone: (215) 842-
4061 Fax: (215) 843-0690.

For information on Society membership, contact: The
American Society for Pharmacology and Experimental Thera-
peutics, 9650 Rockville Pike, Bethesda, MD 20814. Telephone
(301) 530-7060 Fax: (301) 530-7061.

Instructions to Authors appears in the first issue of each
volume (January, April, July, October).

Annual Subscription Rates: U.S.: Personal $190.00; Insti-

tutional $340.00; Single copy $30.00. Outside the U.S., except
for Japan: Personal $255.00; Institutional $405.00; Single copy
$50.00.

Institutional (multiple reader) rate applies to libraries,
schools, hospitals, clinics, group practices, and federal, com-
mercial and private institutions and organizations.

For Japanese rates, please contact: Igaku-Shoin MYW
Ltd., 3-23-14 Hongo, Bunkyo-Ku, Tokyo 113, JAPAN. Tele-
phone: (03) 5689-5400 or 5401. Fax: (03) 5689-5402.

PRICES ARE SUBJECT TO CHANGE.

The GST number for Canadian subscribers is 123394371. Coun-
try of origin USA.

New subscriptions received before May 1st of each year will
begin with the first issue of the year. Subscriptions received
between May 1st and October 31st will start with the mid-year
issue (July). Subscriptions received after October 31st wiil start
with the first issue of the following year. Subscriptions may
start with any current volume’s issue upon request.

delivery. The Publisher cannot guarantee to supply back issues
on late renewals.

Change of address: The publisher must be notified 60 days
in advance. Journals undeliverable because of incorrect address
willbe destroyed. Duplicate copies may be obtained, if available,
from the Publisher at the regular price of a single issue. Send
address changes to THE JOURNAL OF PHARMACOLOGY
AND EXPERIMENTAL THERAPEUTICS, 428 East Preston
Street, Baltimore, MD 21202-3993. If a member, please con-
tact the Society with your change.

Reprints of individual articles are available only from the
authors.

Reprints in large quantities, for commercial or academic
use, may be purchased from the Publisher. For information and
prices call (410) 528-4292.

Microfilm and Microfiche: Prices are available upon request.
Microfilm editions may be ordered from Williams & Wilkins.

The Journal subscription list is available for rental on a
controlled basis from Williams & Wilkins. All promotional
literature must be approved in advance.

Disclaimer: The statements and opinions contained in the
articles of THE JOURNAL OF PHARMACOLOGY AND
EXPERIMENTAL THERAPEUTICS are solely those of the
individual authors and contributors and not of the American
Society for Pharmacology and Experimental Therapeutics or
Williams & Wilkins. The appearance of advertisements in the
Journal is not a warranty, endorsement or approval of the
products or safety. The American Society for Pharmacology
and Experimental Therapeutics and the Publisher disclaim
responsibility for any injury to persons or property resulting
from any ideas or products referred to in the articles or adver-
tisements.

Volume indices appear in the March, June, September, and
December issues.

Indexing/Abstracting Services: The Journal is currently
included by the following services in print and/or electronic
format: Index Medicus, Current Contents (Life Sciences, Science
Citation Index, Research Alert [personalized search servicej,
ISI/BioMed [on-line database], Excerpta Medica, and Biosci-
ences Information Service, and Reference Update/Research In-
formation Systems.

Copyright Information: THE JOURNAL OF PHARMA-
COLOGY AND EXPERIMENTAL THERAPEUTICS is
copyrighted by the American Society for Pharmacology and
Experimental Therapeutics. No portion(s) of the work(s) may
be reproduced without written consent from Williams & Wil-
kins. Permission to reproduce copies of articles for non-com-
mercial use may be obtained from the Copyright Clearance
Center, 222 Rosewood Drive, Danvers, MA 01923, (508) 750-
8400, with a fee of $3.00 per copy.

Copyright © 1994 by the American Society of Pharmacology and
Experimental Therapeutics.



AUTHOR INDEX

Abbruscato, T. J., 675
Albuquerque, E. X., 768

Aldasoro, M., 622
Alkondon, M., 768
Allan, C. J., 446
Argenti,D., 512
Arribas, S., 520
Awane, Y., 728

Ayajiki, K., 795
Balfag#{243}n,G., 520
Baron, C. B., 708
Beinborn, M., 440

Bertaccini,G., 788
Bloomquist, J., 822

Boppana, V.,614
Brenner, G. M., 540

Brownson, E. A., 675
Butler, A. M., 645
Caggiula, A. R., 628

Castagnoli, K., 822
Castagnoli, N., Jr., 822

Chang, H., 809
Chen, K., 491

Choppin, A., 650
Coalson, D. W., 579
Coburn, R. F., 708
Corsi, M., 734
Coruzzi, G., 788
Danziger, R., 761

Davis, T. P., 675
Deason, L. L., 540

Descarries, L., 713
Dewar, K. M., 713

D’mello, A. P., 512
Donnelly, R., 809
Drewett, J. G., 761
Faiman, C. P., 528

Feller, D. R., 665
Fertel, R. H., 665
Fisher,M., 702
Flemming, D., 579
Fonts, C., 628

Fournier, A.,779
Fraundorfer, P. F.,665

Frusciante, M. J., 604
Fujino,M., 728
Gaviraghi, G., 734
Giacomini, J. C.,697
Giacomini, K. M., 697
Gillespie, T. J., 675

Goettler, J., 628
Goz, B., 480

Grider,J. R.,433
Grobe, J. E., 628

Guyenet, P. G., 702
Gwathmey, J. K., 831

Hadjiconstantinou, M., 639

Halushka, P. V., 446

Hartman, J. C., 681
Haruno, A., 566
Herzer, W. A., 589
Hogarth, L., 761
Hoshino, T., 566
Howell, R. E., 546
Hruby, V. J., 675
Hu,X.-J.,485
Huangfu, D., 702
Hubble, J. P., 639

Hutson, P. H., 656

Ikeda, 5., 728
Inabe, K., 566
Inui, K.-!., 498
Isaac, L., 534
Jackson, E. K., 589

Jacob, R. G., 628

Janssen, Y. P. G., 554
Javitt, D. C., 604

Jeffs, L., 480
Jin, J.-G., 433

Kalant, H., 802

Katsoulis, S., 433

Keith, L. D., 505
Kimura, K., 822

Kimura, R., 566

King, E., 822

Kinnier, W. J., 546
Klopp, A. J., 540

Kobayashi, 5.,722
Kodama, H., 559

Koster, P. F., 614
Kovalsky, M. P., 546

Kuan, C.-J., 589
Kuratani, K., 559

Kusumoto, K., 728

Laemont, K. D., 546
Lanca, A. J., 802

Lepor, H., 722
Liao, R., 831

Lichtor, J. L., 579
Lin, S. Z., 814

Lindetrom, J., 768
Liu, J. C., 814

Liu,J.-F.,802
Liuch, S., 622

Lowe, V. C., 546
Lubic, S. P., 697

Maelicke, A., 768
Mann, J., 520

Martinez, M. C., 622
Matsumoto, H., 708

Matsumoto, 5.-I., 498
Matsuura, N., 566
Medina, P., 622
M#{233}nard,D. P., 779
Middlemiss, D. N., 656

Miller, D. B., 741, 752

Miller, D. D., 665
Miller-Stein, C., 614
Molina-Holgado, E., 713

Murray, M., 645

Mytilineou, C., 822

Nakashima, M., 453

Narahashi, T., 466, 595

Neff, N. H., 639

Nichols, A. J., 614
Nompleggi, D. J., 440
Nomura, K., 466
Noronha-Blob, L., 546

Nozawa, Y., 566

O’Callaghan, J. P., 741, 752
O’Connor, S. E., 650

Ode, N., 566
Ohier, A., 460

Okamura, T., 795
Oliosi, B., 734

O’Malley, K. L., 475
Palea, S., 734
Pang, 1.-H., 761
Peng, X., 768

Pereira, E. F. R, 768
Perkins, K. A., 628

Perugini, M., 690
Pietra, C., 734
Plato, P. A., 809
Poli, E., 788

Ponte, A., 520
Pozzoli, C., 788

Quirion, R., 779

Ravens, U., 460
Reader, T. A., 713
Reaven, G. M., 809
Reinhardt, S., 768

Reuveny, E., 466
Reynolds, W. A., 628

Rhodes, G. R., 614
Ristic, H., 534

Roberts, A. J., 505
Roy, A., 440

Saito, H., 498
Salaices, M., 520

Samanen, J. M., 614
Schmidt, W. E., 433

Scierka, A., 628
Shapiro, E., 722
Sheehy, R., 681
Shen, T. Y., 702
Skolnick, P., 528
Star, R. A., 761
Starke, K., 572
Stevens, C. W., 540
Stiller, R. L., 628
St-Pierre, S., 779
Stupans, I., 645
Sugg, E., 734
Suzuki, H., 566

Szabo, B., 572
Tang, L., 475
Tang, R., 722
Tatebayashi, H., 595
Thapar, P., 579
Thijssen, H. H. W., 554
Thompson, W. K., 579
Ticku, M. K., 485
Toda, N., 795
Todd, R. D., 475
Trist, D. G., 734
Trullas, R., 528
Uematsu, T., 453
Ujiie, K., 761
Urban, R., 572
Valocik, R. E., 614
Van Amsterdam, F. T. M., 734
van Rossum, D., 779
Vasko,J.A.,614
Vezina, P., 690
Vila, J. M., 622
Viu, E., 528
Waid, P. P., 546
Wakimasu, M., 728
Wall, T. M., 681
Wang, B., 722
Wang, S. D., 814
Wang, Y., 814
Watanabe, T., 728
Wemlinger, T. A., 639
Whiting, P., 768
Wilkinson, L. 0., 656
Wolfe, M. M., 440
Wright, A., 822
Wu, P. H., 802
Yamada, 5., 566
Yamaguchi, I., 559
Yamasaki, Y., 566
Yuen, P. S. T., 761

Zacny, J. P., 579
Zhang, W., 722
Zimmerman, B. G., 491
Zukin, S. R., 604



F yment options:
U Check enclosed
0 VISA

O Bill me
0 MasterCard

card #

signature P.O.#

0 American Express

1� - --------- --- ---U---- --

your multiyear subscription today!

Molecular Pharmacology (monthly)
0 Individual: $105/yr 0 Institutions: $230/yr
(Please add $3 OCX) outside the US: in Canad� also add 7% GST)
0 New Subscription 0 Renewal 0 3 yrs 0 2 yrs 0 1 yr

MD and PA subscribers must add state sales tax. Subscriptions from outside the US
and Canada must be prepaid,in US dollars only. In Japan, contact Igaku-Shoin
MYW Ltd. (03) 5689-5400. Rates valid for orders received through October 31,

njme 1994.

___________________________________________________________________ Please allow 8 weeks for delivery of your first issue. Surface mail delivery to

countries outside the US may take up to 16 weeks. Airmail rates available upon

request.

Discounts available to members on all ASPET publications. SAVE 10% when
Cit) sLite up

ordering two. SAVE 15% when ordering three. SAVE 20% when ordering all four.

\Villiams & \Vilkins P.O. Box 23291 Broadway House

_________________________________ Baltimore. Maryland 21203-9990 2-6 Fulham Broadway

A WAVERLY COMPANY London SW6 1AA England

MOL 55049 Printed in USA J4049S ZMOL
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -



The Journal of Pharmacology and Experimental Therapeutics

3. Abstract. The abstract should present in a concise form
the purpose, the general methods, the findings, and the conclu-

Notice to Contributors
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The Journal invites for review original papers dealing with
interactions of chemicals with biological systems. Any aspect of
pharmacology and therapeutics is included, but descriptive case
reports without dose response or mechanism studies are not
accepted. Manuscripts dealing primarily with new methods will
be reviewed only if data are presented showing new or more
reliable pharmacological information has been obtained by use of
the methods.

Submission of Manuscripts
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Editor inThief, Journal of Pharmacology and Experi-
mental Therapeutics, Department ofPharmacology, Suite
129, The Medical College ofPennsylvania at EPPI, 3200
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check or purchase order for $40.00 manuscript handling fee
(in U.S. funds drawn on a U.S. bank payable to ASPET). If
submission of the manuscript handling fee entails personal finan-
cia! hardship to the author, the fee will be waived. In that event
the authors should submit a request for waiver of the fee at the
time the manuscript is submitted. Only one copy of rejected
manuscripts will be returned. Extra copies of figures will not be
returned unless specifically requested at the time the manuscript
is submitted.

Manuscripts should be typewritten and double spaced in the
English language using one side only of approximately 21.6 by 28
cm paper. One original drawing or photograph of each line figure
and four (4) clear copies and/or 4 original drawings or photographs
of each halftone figure are required. Pages should not be stapled
together.

Authors submitting a manuscript do so with the understanding
that if it is accepted for publication, copyright in the article,
including the right to reproduce the article in all forms and media,
shall be assigned exclusively to the Society for Pharmacology and
Experimental Therapeutics. Reasonable requests by authors for
permission to reproduce their contributions to the Journal will
not be refused. It will be necessary for all authors to sign an
assignment of copyright form which wifiThe mailed from the
Editorial Office on acceptance of the manuscript. The only excep-
tions will be manuscripts on work performed by employees of the
U.S. Federal Government.

Cover Letter
Each manuscript must be accompanied by a written

statement signed by one author: “The undersigned author
affirms that the manuscript (title of article) and the data it
contains are original, are not under consideration by another
journal, and have not been published previously. The studies
reported in this manuscript have been carried out in accordance
with the Declaration of Helsinki and/or with the Guide for the
Care and Use of Laboratory Animals as adopted and promulgated
by the National Institute of Health”. Authors should also indicate
in the cover letter the field of pharmacology to which the research
applies.

Organization of the Manuscript
In most cases manuscripts should contain the following sections

in the order listed; each section should begin on a new page and
all pages should be numbered consecutively.

1 . Title page. This should contain the complete title of the
manuscript, the names of all authors, and the laboratory of origin.
Support for the research should be indicated as a numbered
footnote to the title and included with other footnotes on a
separate page following the reference section.

2. Running title page. a) A running title: should be
included at the top of this page and should contain no more than
35 spaces, including punctuation. It should convey the sense of
the full title.Commonly used abbreviations (such as “ATP,”
“ACh,” etc.) may be used in the running title. b) Corresponding
author: this page should also contain the name, address, telephone
and fax number of the person to whom all correspondence should
be sent. c) A list of abbreviations used in the paper should also
appear on this page. Additionally, each abbreviation should be
defined the first time it is used in the text.

(Revised July 1, 1994)

sions of the manuscript. Abstracts should be limited to 200 words;
abstracts of more than 250 words will not be accepted.

4. Introduction. This section should not be labeled, but
should begin on a new page. It should contain a clear statement
of the aims of the reported work or of the hypotheses which the
work was designed to test. A brief account of the background of
the reported work may also be given in this section.

5. Methods. This section should contain explicit, concise
descriptions of all new methods or procedures employed. Modifi-
cations of previously published methods should be described.
Commonly used methods require only a citation of the original
source. When methods are described, the description should be
such as to enable the reader tojudge their accuracy, reproducibility
and reliability and to repeat the experiment. Very extended de-
scriptions of methods may be submitted for deposit with the
American Society for Information Science National Auxiliary
Publications Service (NAPS) c/o Microfiche Publications, P.O.
Box 3513, Grand Central Station, New York, NY 10017. A text
reference or footnote stating that the full description is available
from NAPS permits interested readers to obtain the information
and does not occupy an inordinate amount of Journal space. There
is a nominal charge to authors for this procedure; those who
request the complete information from NAPS pay a small fee.

6. Results. This section ordinarily contains the experimental
data to be presented, but not extended discussions of their signif-
icance. Results should usually be presented in graphic or tabular
form, rather than discursively. Graphic presentation of data is
often preferred but there should not be duplication in text, tables
and figures. Sufficient data must be given to allow readers to judge
the variability and reliability of the results. Statistical tests used
and the data analyzed should be explained so that the findings
can be interpreted and evaluated.

7. Discussion. This section should present conclusions to be
drawn from the results. Speculative discussion is not discouraged,
but the speculation should be based on the data presented and
identified as such. The discussion should be as concise as possible,
within the limits of the ideas which the authors wish to propose

and adequate discussion of related work by others.

8. Acknowledgments. This section should begin on a sep-
arate page, have a separate heading, and be placed at the end of
the text of the manuscript. Gifts and assistance can be acknowl-
edged here but, financial support should appear in a footnote to
the title.

9. References. In text citations give the author’s name and
the year of publication (e.g., McCarthy, 1952; Ruth and Gehrig,
1929). With more than two authors, the text citation should
contain the name of the first author, followed by “et cii.,” and the
date (e.g., Kennedy et aL, 1960). In the list of references, entries
should be arranged alphabetically by author and not numbered.
All authors’ names should be given. If reference is made to more
than one publication by the same authors in the same year, suffixes
(a, b, c, etc.) should be added to the year in the text citation and
in the list of references.

The list of references should contain, in sequence, the following
information: authors’ names and initials, title of the cited article,
title of the journal in which it appeared, volume number of the
journal, inclusive pagination and year of publication. Abbrevia-
tions for journals should conform to the Biosis List of Serials
(BioSciences Information Services of Biological Abstracts, Phil-
adelphia, PA 19103). Citations of personal communications, un-
published observations, and papers submitted for publication
should be given in parentheses at the appropriate place in the
text, not in the list of references. A paper may not be cited as “in
press” unless it has been accepted for publication. In such cases
the name of the journal must be given.

Examples of references to books, chapters and journal articles
follow:
Bruce, M. S.: The anxiogenic effects of caffeine. Postgrad. Med.

J. 66: 18-24, 1990.
Griffiths, R. R., Bigelow, G. E. and Liebson, I. A.: Human Coffee

drinking�. Reinforcing and physical dependence producing ef-
fects of caffeine. J. Pharmacol. Exp. Ther. 239: 416-425, 1986.

Tallarida, R. J. and Murray, R. B.: Manual of Pharmacologic



Units of mass

gram g
mole mol
equivalent Eq
microatom �tat

Units of concentration
molar (moles/ M
liter)
normal (EqJ N
liter)
percent %

Units of length or
volume

Units of radioactivity
curie Ci
counts per mm cpm
disintegrations dpm
per mm
roentgen r

Units of time

Miscellaneous
degrees of temperature
gravity

median doses
optically isometric forms
routes of drug administration
standard deviation
standard error

K,
K,
Km
IL

‘C
g
LD�, ED�1,, etc.
d-, 1-, dl-
i.v., i.p., s.c., i.m.

S.D.
S.E.
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Calculations with Computer Programs. Springer-Verlag, New
York, 1987.

Young, A. M. and Sannerud, C. A.: Tolerance to drug discrimi-
native stimuli. In Psychoactive Drugs: Tolerance and Sensiti-
zation, ed. by A. J. Goudie and M. W. Emmett-Oglesby, pp.
221-270, Humana Press, Clifton, NJ, 1989.

No more than four references should be cited in support of any
given point. The authors are responsible for accuracy of such
citations and are urged to take the utmost care in proofreading
citations and the reference list.

10. Footnotes. All footnotes to the title, authors’ names or
text should be indicated by arabic numeral superscripts, not by
letters or other symbols. The footnotes should be typed in se-
quence on a separate page, not a text page. Footnotes to tables
are discussed under Tables, below.

1 1. Tables. Each table should be on a separate page. Tables
should be numbered consecutively with arabic numerals, and
should be designed to fit the column or page size of the Journal.
A brief descriptive title should be given at the top of each table.
The table number should be given in capital letters, the title in
boldface upper and lower case letters (e.g., TABLE 3. Uptake of
labeled drug by rat liver slices). The footnotes to the tables
should be referenced by italicized lower case superscript letters (a,
b, c, etc.) and should appear beneath the table involved, not on a
separate page of the manuscript. Extensive tabular material not
absolutely essential to the manuscript will be accepted for deposit
with the ASIS/NAPS (see “Methods,” above). In such instances
a footnote in the published paper will refer the interested readers
to NAPS from which copies may be obtained. Note Statistics
below for expressions of probability.

12. Legends for figures. These should be numbered con-
secutively in arabic numerals and should appear on a separate
page of the manuscript. Legends should explain the figures in
sufficient detail so that frequent referral to the text is unnecessary,
but efforts should be made to avoid unnecessary length. Abbrevi-
ations in the legends should conform to those in the text (see
“Abbreviations,” below).

13. Figures. Illustrations should be submitted as un-
mounted glossy prints, or laser jet quality figures, preferably
reduced to single column size (approximately 3V2 inches in width)
to permit reproduction without further reduction. Otherwise,
prints should be no larger than 8 by 10 inches and clear enough
to permit reproduction without retouching after reduction. The
author’s name and address and the number of the figure should
be placed on the back of each print. A typed label is usually most
satisfactory. Ball type pen should not be used. Note Statistics
below for expression of probability. Ci�Tform symbolism shouldbe
used for all illustrations in a manuscript. Symbols, numbers, and
letters in the illustrations must be at least 1.5mm in height after
reduction to single column size. The title of each figure should
appear in the legend rather than on the figure itself. Photomicro-
graphs and electron micrographs should be labeled with a magni-
fication calibration in micro or Angstrom units. A statement of
the magnification should appear in the figure legend.

14. Index Terms. A list of index terms useful in construct-
ing the annual index should be included as the last page of the
manuscript.

Statistics
Wherever possible statistical probability (P) in tables, figures,

and figure legends should be expressed as � P < .05, � P < .01
and � p < .001. For second comparisons the symbols t may be
used similarly. Authors are urged to avoid unnecessary complexity
and to be consistent within the manuscript. In the event of
multiple comparisons within a table, footnotes, a, b, c, etc. should
be used.

Abbreviations
Magnitudes of variables reported should be expressed in nu-

merals. Most abbreviations are used without punctuation, with no
distinction between singular and plural forms (e.g., 1 mg, 25 mg;
1 sec, 25 sec). The usual prefixes are to be used for multiples or
aubmultiples of the basic units (e.g., kg, g, mg, sg, ng, pg). The
following abbreviations, or their properly prefixed multiples or
submultiples, may be used without definition in the text, tables
and figures:

meter
micron
Angstrom
liter (spell out
in text)

Units of electricity
volt V
ampere A
cycles/sec Hz

m hour hrorh
�z minute mm or m
A second sec or s

Kinetics
dissociation constant Kd

Dissociation constant of
enzyme substrate complex
enzyme inhibitor complex
Michaelis constant
maximum initial velocity

Whenever an abbreviation other than those above is to be used
in a manuscript, it is to be defined in the text or in a footnote
thereto, the first time it is used. Abbreviations for commonly used
substances should be those recommended by the Journal of Bio-
logical Chemistry. Abbreviations for drugs may be used if properly
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